Do compulsory schooling laws reduce crime? Previous evidence for the U.S. from the 1960s and 1970s suggests they do, primarily working through their effect on educational attainment to generate a causal impact on crime. In this paper, we consider whether more recent experience replicates this. There are two key findings. First, there is a strong and consistent negative effect on crime from stricter compulsory schooling laws. Second, there is a weaker and sometimes non-existent link between such laws and educational attainment. As a result, credible causal estimates of the education-crime relationship cannot in general be identified for the more recent period, though they can for some groups with lower education levels (in particular, for blacks).
Introduction
Few doubt that educational attainment and crime are related. Two examples illustrate this point. In the United States, 41% of inmates in prisons and jails in 1997 had not completed high school, compared to only 18% of the general population. Second, a survey of newly sentenced prisoners in the UK in 2005/6 showed that 47% had no educational qualifications, compared to 15% for the general population (Hopkins, 2012) . What is less clear is whether this link represents a causal relationship running from educational attainment to criminal behaviour, or whether it merely reflects a whole set of personal characteristics associated with lower education levels that denote those on the margins of society. This is important for policymakers as they assess the potential social returns to education.
Significant research progress has been made on this question. Our overall reading is that there is quite strong evidence of the existence of a causal effect of education on crime, which is usually identified by using changes in compulsory schooling laws to generate exogenous variation in educational attainment. 1 Having said that, causal evidence using these laws that relates to recent experience is not available. For example, the most cited paper is that of Lochner and Moretti (2004) who study incarceration data that end in 1980, and arrest data that end in 1990. Anderson (2014) does study more recent arrest data for juveniles, but with a focus on whether changes in dropout age matter for crime, but not on education.
This paper adds to this literature in two key ways. First, we focus on both crime and education more recently. This is important since both crime and education patterns are different post-1980 than before. On the former, at least in the United States, the patterns of crime and incarceration are very different before and after 1980. The substantial rise in the prison population was predominantly in the later period, while total property crime has 1 See also the review of the empirical literature on education and youth crime by Rud et al. (2013). fallen substantially. On the latter, education levels are higher (in part reflecting longer run trends) and also part of the reason for the focus on the earlier period is that many of the major changes to compulsory schooling laws occurred prior to 1980, which is the variation in the data used to identify the exogenous movement in schooling (see Stephens and Yang, 2014 ). However we show that there is still substantial variation in these laws over the 1980-2010 period -though we emphasise that the group of students affected by the laws may be very different from those affected by earlier changes (i.e. the composition of the compliers may not be stable over time). This change in composition then may generate different effects on both education and crime.
A second feature is that we exploit a new set of geographical groupings for the continental United States that allows us to consistently combine data on arrests from the FBI Uniform Crime Reports (UCR) with micro-data from the US Census. One issue with the micro-data from the Census is that it has traditionally been hard to construct any consistent geography below the state-level that can be identified across successive Censuses.
So for example, county-level data cannot be used because only the larger counties are uniquely identified in the micro-data. Autor and Dorn (2013) have painstakingly generated commuting zone areas for the US that can be consistently identified from the 1970 Census onwards. We have been able to match these areas to UCR reporting agencies, though the arrest data are only available on a consistent basis from 1974 onward, which restricts us to starting with the 1980 Census -so we study the 1980-2010 time period.
The rest of the paper is organised as follows. In Section 2 we outline an empirical framework for thinking about the empirics of education and crime, and briefly review the extant evidence on the causal relationship between education and crime. Section 3 discusses the data we use in this paper and the empirical methodology. In Section 4 we present a range of evidence on the reduced-form relationship between crime and compulsory schooling laws. We show that there is a consistently strong negative link between crime, measured either by arrests or incarceration, and schooling laws. We also present evidence to show that some of this effect appears to be a result of incapacitation, but this cannot explain all of the effect. In Section 5 we assess whether these results allow us to identify a causal effect of education on crime. The evidence turns out to be mixed. For whites, who on average have higher education levels, our answer is no. This is because of the difficulty in generating a strong and coherent first-stage for schooling from the school leaving laws, in contrast to the earlier evidence from the 1960s and 1970s. In contrast, for blacks we can still estimate a causal crime reducing effect of education -though even here the power of the first-stage is weaker than in the past. The conclusions are in Section 6.
A Framework and Previous Findings

Empirical Set Up
To motivate our analysis, consider the basic relationship between crime and schooling:
where X is a set of control variables and ε i an error term. At the moment (1) is pitched as an individual-level (denoted by i) regression of crime on schooling that holds constant the factors included in X. We will generalise this in several dimensions in our actual empirical work, as detailed below, but the relatively simple formulation in (1) serves its purpose for motivating our analysis.
Schooling is unlikely to be exogenous in (1). Thus to generate an estimate of β that yields a causal impact of schooling on crime we require an instrument that satisfies the usual conditions. In this paper, as with much of the literature, alternative measures of compulsory schooling laws (CSL) will serve as the instrument. Therefore underpinning an Instrumental Variable/Two Stage Least Squares (IV/2SLS) estimation of (1) we have reduced-form equations for crime and schooling (the first stage) which are given respectively as:
where the IV (2SLS) estimate of the coefficient on the schooling variable in (1) is the ratio of the reduced-form coefficients in (2) and (3), so that β = θ 1 /θ 2 . In general, we would expect β ൏ 0 since higher educational attainment is expected to reduce crime. This works through the two reduced-forms as θ 2 will be positive if schooling laws increase schooling, and the schooling laws reduce crime so that θ 1 < 0.
In understanding a causal crime reducing impact of education in this set up, Lochner and Moretti (2004) note there is no simple relationship between the strength of the reducedform for crime in (2) and the strength of the IV estimate in (1). On the former, θ 1 can be negative for at least two reasons. First, if there is indeed a causal link between education and crime and schooling laws increase education, then the coefficient on CSL in the reduced-form for crime will pick up this effect. An alternative, though in no sense mutually exclusive, possibility is that such laws can directly reduce crime, over and above their effect on educational attainment.
If there is a direct impact of school leaving laws on crime, to the extent that such laws force juveniles to be in a supervised environment rather than roaming the streets, then this can be interpreted as a straightforward incapacitation effect that reduces crime. incapacitation effects (Jacob and Lefgren, 2003, and Luallen, 2006) . 3 However, we also know that criminal behaviour peaks in the late teenage years. If the incapacitation effect reduces criminal activity at these crucial ages, it may in addition generate a persistently lower crime rate as the cohort ages, since some of the cohort members will have avoided going down the wrong path at a crucial age. In other words, estimating θ 1 < 0, is necessary but not sufficient to find a causal estimate of education on crime.
Existing Evidence
It is useful to briefly summarise the extant evidence on the links between crime, compulsory schooling laws and education. The key reference is Lochner and Moretti (2004) (hereafter LM). They present a wide range of evidence on the causal effect of education on crime in America, for the 1960s through 1980s. For various measures of criminal activity, there is strong evidence that schooling laws, working through their effect on education, reduced crime. For example, the estimated OLS coefficient on years of schooling in a regression for incapacitation is -0.10 for whites and -0.37 for blacks. This implies that an additional year of schooling generates a 0.1 percentage point reduction in the probability of incarceration for whites. The corresponding IV estimates are -0.11 and -0.47. The schooling laws that they consider, which are the same source as the variation used in this paper, generate a strong first-stage. The F-statistic on the instruments ranges from 36 to 88
and all the coefficients in the dummy variable functional forms they adopt are positive.
Though they do not present a full table of reduced-form crime estimates, they report that the link between the school-leaving age instruments and incarceration are fairly weak. The F-statistic on the instruments in the crime reduced-form gives p-values of 0.023 for Whites and 0.100 for Blacks. Machin et al. (2011) consider the impact on education and crime of the national extension of the school leaving age in England and Wales from age 15 to 16 that occurred in the 1972/3 school year. Using data on criminal convictions, they show that the schoolleaving age increase both reduced crime and increased educational attainment in the reduced-form and first-stage, and generated a significant 2SLS causal estimate for the effect of education on crime -roughly double the size of the corresponding OLS estimate. The reduced-form effect on crime was observed for both property and violent offences for men, but was neither substantial nor significant for women. While the instrument in the reducedform for crime was less strong than in the first-stage (11.6 v 67.4 in Table 3 of their paper), it was still noticeably stronger in statistical terms than the estimates in LM.
Evidence from a schooling reform in Sweden has been analysed by Hjalmarsson et al. (2015) and Meghir et al. (2012 
Data Description
We report results from two main sources, studying age-specific arrest data in local labour markets through time, and imprisonment from individual-level Census data. To both of these we match data on compulsory school-leaving laws. In this section we discuss these in turn. More details are provided in the Data Appendix.
Local Labour Market Data
Our initial analysis makes use of local arrest rates across the United States that are measured annually for different age groups. The arrest data comes from the FBI Uniform Crime Reports (UCR). The UCR provides arrest totals by age and sex for a variety of offences for each reporting agency. We also need data on CSL and education (and any other control variables) at the same unit of analysis, and take these data from the US Census from the Integrated Public Use Microdata Series (IPUMS). It follows that the key issue is how to produce a consistent definition of locality whereby we can match arrest rates to schooling data. LM exploit state-level data to achieve this match, whilst Anderson (2014) uses county-level data but does not consider education data. County-level data has the distinct advantage of having a large cross-section, but counties are not consistently identified in the Census across years, so one cannot link the arrest data very well to the micro Census files. We therefore pursue an alternative geography that allows for us to achieve both objectives. Autor and Dorn (2013) reporting agency to their respective CZ. In cases where the reporting agency straddles more than one CZ, the arrest data is allocated based on the agency population in each CZ. 4 We are able to successfully match 714 CZs to UCR data for at least one point in time.
We use arrest data by CZ, criminal offence and age for the Census years 1980, 1990, 2000 and 2010 . We restrict the sample to males aged 16-39. In most of our analysis we distinguish between property crime (burglary, larceny, vehicle theft and arson) and violent crime (murder, rape, robbery and assault). One issue with the UCR data is that some reporting agencies do not always report (or do not report fully). Thus for example, there is no data recorded by the NYPD for 2010. In our empirical analysis we restrict attention to those CZs that have arrest data reported by the constituent reporting agencies to cover at least 90% of the population in a given year. We report various robustness checks on doing so below. For the main analysis (on a balanced panel with data for all four Census years)
we can study 306 CZs between 1980 and 2010.
Unfortunately the UCR arrest data does not provide a racial breakdown by age. It only provides arrests by race for two age groups, juveniles and adults. As we will be interested in the differences between whites and blacks, we calculate the average share of blacks in the commuting zone population over the whole sample period and split the CZ sample into "low black share" CZones and "high black share" CZones, with the latter being all those above the 80 th percentile in terms of black share of the population. At the cut-off, the share of blacks in the population is 18.1% and the highest black share is 50.5%.
Census Individual-Level Data
We also report individual-level evidence on incarceration using the IPUMS Census/ACS data. The 1980 Census contains a detailed Group Quarters variable that allows identification of people in correctional facilities on the Census date. Unfortunately the micro-data for the 1990 and 2000 Census and the 2010 ACS does not provide this detailed breakdown. However, Bell et al. (2014) show that for the sample of males aged 18-39, those in correctional facilities account for between 90% and 95% of the broader Census Group Quarters variable of institutionalized quarters -which is identified in the later samples. We construct a sample of all males aged 18-39 in the 1980, 1990 and 2000 Censuses and the 2010 ACS (5% Sample). Note therefore that in contrast to the arrest data, we cannot include 16-17 year olds as too many of this age group who are in institutionalized quarters are not in correctional facilities.
There are two main benefits from using the incarceration data. First, since we can never measure underlying criminal propensity, it is usually beneficial to consider alternative measures of criminality. Second, we can break the sample by race and consider whether the effects differ between whites and blacks. As discussed above, we can only do this imperfectly with the CZ data. arrests per 1,000 population. The arrest rate is marginally higher in those commuting zones with a higher share of blacks in the population (at 0.042 v 0.034) and the decomposition by crime type shows that the division is broadly even between arrests for violent and property crime. On average, the sample of males have just over 13 years of schooling.
The individual-level micro-data from the Census, reported in the lower two panels of the Table, show a very stark, and well known, difference between whites and blacks in terms of incarceration. In the full sample descriptive statistics, shown in the middle panel of The Census summary statistics (for the full sample) also show that a remarkable 17.7% of blacks who failed to gain a high school diploma are in prison (compared to 4.7% of whites).
On average, blacks have just under one year less schooling than whites and are almost twice as likely to have dropped out of high school prior to graduation.
Finally, the last panel of Table 1 shows that the characteristics of the population are almost identical when we restrict the Census sample to those resident in the commuting zones that are reported in the first panel. This suggests that the restrictions on which commuting zones we can use in our analysis, as a result primarily of missing UCR data, do not generate an unrepresentative sample.
Compulsory School Leaving Laws
We consider two alternative measures of the instrument. 5 One is an updated version of that used by Goldin and Katz (2008) . This is constructed for those aged 14 in year t and born in state s as: The first term in (4) measures the minimum number of years required to attend school without using any of the exceptions to the law. The second term captures any exception that allows children to leave before the dropout age. 6 This is essentially the instrument introduced by Acemoglu and Angrist (2001) and used by LM. The only difference is that, as Goldin and Katz (2008) point out, since the second term is an exception that allows the child to do less compulsory schooling than the first term requires, the CSL should be measured using a min function rather than a max -as Acemoglu and Angrist used.
In our empirical work, we follow what has become the normal practice of using dummy variables for different levels of CSL. For the Goldin-Katz instrument, we define dummies for values of the instrument of 10, 11 and 12 years respectively, with 9 or below as the baseline. Alternatively, the second instrument we use is the minimum Dropout Age, which has been used by Oreopoulos (2007) and Anderson (2014 
Crime and Compulsory Schooling
CZ Crime Reduced-Forms
We begin our analysis by focusing on the reduced-form crime equation (2) Crime ast = θ 1 CSL ast + π 1 X ast + ε 1ast (5) where Crime ୟୱ୲ is the log of the arrest rate for age group a in commuting zone s at time t.
CSL denotes either the Goldin-Katz instrument or dummy variables capturing minimum dropout ages, whilst X ୟୱ୲ controls for relevant observables. We also control for age, cohort (c = t -a), commuting zone and year effects by specifying the components of the error term as ε 1ast = α a + α c + α s + α t + e 1ast . 7 The Census micro-data allows us to construct commuting zone level measures of the CSL that account for the fact that individuals living in a particular commuting zone may have been exposed to schooling laws in another state.
We begin by considering estimates of the crime reduced-form in (5) for the balanced CZ panel. The first point to make is that across all twelve specifications, the predominant picture is one of significantly negative coefficient estimates. Out of thirty reported coefficients, twenty four are significant and negative (at the 10 percent level or better). So regardless of which instrument we use, we find a generally consistent negative effect of compulsory schooling laws on arrest rates. Moreover, the magnitude of the estimated effects are substantial. As an example, if we take the coefficients in the first column of the upper panel, a one year rise in the minimum dropout age from 16 (the base) to 17, reduces the log arrest rate for property crimes by 0.126, or a 12.6% fall in arrests.
But there are some nuances in the results of Table 2 . For the full sample of CZs, closer inspection of the reported patterns reveals a strong reduced-form for both instruments for property crime. A less strong relation for violent crimes is seen for the minimum dropout age instrument. There is also some evidence that the effect of the dropout age laws are more substantial in the high-black share CZs with respect to violent crime. 8 Finally, one should recall that this sample includes those aged 16 and 17, so it is possible that at least some of the effect that we are capturing here is a direct incapacitation 8 The results in Table 2 are for the balanced panel of 306 commuting zones. As noted above, we do lose a number of observations owing to reporting agencies not submitting data in particular years, especially in 2010. If we therefore look at an unbalanced panel that requires three continuous CZ observations between 1980 and 2010 we can raise the sample size to cover 461 commuting zones. Appendix Table A2 reproduces the same estimates as those in Table 2 for this unbalanced sample, which reassuringly produces very similar estimates.
effect, like that documented by Anderson (2014) . We will return to address this explicitly later in this section.
Census Crime Reduced-Forms
In Table 3 we switch attention to the incarceration reduced-form based upon the individual-level Census data. Estimates from the individual-level reduced-form given in equation (2) of section 2 are reported, for specifications controlling for compositional variables (the X's) and also additionally for age, cohort, state of birth, state of residence and year effects in an analogous way to the CZ models. Table 3 shows estimates reported in a similar structure as for the CZ analysis of Table 2 , except now we cannot delineate between property and violent crime and the race breakdowns are at the individual, rather than the spatial, level. We also show results for the full sample and restricting to individuals in the CZs considered in Table 2 . Since the dependent variable is dichotomous, we estimate probit models and report marginal effects.
As with the arrest reduced-form results from Table 2 , the general pattern that emerges in Table 3 is of significantly negative estimated coefficients on the schooling law dummy variables. For all individuals, higher dropout age laws and longer compulsory schooling significantly reduce the probability of incarceration. Results prove similar for the full and CZ samples. But one key difference with the arrest results is that at the individuallevel we get a strong difference between the races. The impact of the compulsory schooling laws is much stronger for blacks.
This immediately begs the question of why the results are starker in this regard for incarceration than arrests? One possibility is simply that arrests and incarceration are different outcomes. We suspect that a more compelling explanation is that the Census data can uniquely identify race, whilst the arrest data uses average share of blacks in the commuting zone to identify race. If, at the extreme, only blacks' criminal behaviour is affected by the schooling laws, we might still obtain significant negative effects in Table 2 for the white commuting zones since, on average, their population has 6.8% blacks.
Incapacitation Effects
As was noted above, in the CZ analysis we are able to study arrest rates of younger individuals (aged 16 and 17) who may still be attending school. 9 Thus we can explore whether the kinds of incapacitation effects identified in Anderson's (2014) analysis are present in our data. We do this by considering whether the minimum dropout age laws only have an effect for those still in school. Empirically we can test for this by estimating separate effects for individuals for whom an incapacitation effect may occur (see also Anderson, 2014 ), which we define respectively for age less than or equal to 17 for the DA17 dummy variable and for ages equal to 17 or 18 for the DA18 dummy variable. These two are the pivotal ages for possible incapacitation effects for DA17 and DA18.
The results from including these interactions together with an effect for all other (non-incapacitation ages) are reported in Table 4 . For all CZs, reported in the first two columns of the Table, the estimated coefficient on the DA17*(Age≤17) interaction is indeed significant, negative and larger in absolute value than the control group (those aged 18 and over), suggesting crime reduction from incapacitation. However, the overall DA17 effect is also significant and negative suggesting that, whilst incapacitation effects for the 17 year olds and younger are present (mirroring Anderson, 2014) , this is not the whole story as the effect of a higher dropout age also reduces arrests for the older cohorts. This is the case for both the low-and high-black share CZs. There are also significant crime reducing effects from DA18 and the interaction with age equal to 17 or 18 is also negative, but no more sizable than for the DA18 for those over 18. Thus we are able to uncover evidence of incapacitation, but this is not the whole story as crime reduction effects connected to changes in dropout age persist for cohorts aged above 18. Having established that for the most part the crime reduced-forms do show systematically negative, statistically significant connections between crime and compulsory schooling laws, and that this does not only reflect an incapacitation effect, we now return to the question of the causal impact of education. In doing so, we focus on results from the Census imprisonment equations since only for this sample can we separately identify state of residence and state of birth which is crucial to correctly allocate the relevant schoolleaving law.
OLS and 2SLS estimates of the crime-education relationship and the associated education first-stage are shown in Tables 5A and 5B. The Tables are structured identically for the two different instrument sets, the dropout age (Table 5A ) and the Goldin-Katz compulsory schooling laws (Table 5B ). Each Table reports six specifications, three each for whites and blacks which differ as to whether or not they include region x year and region x year of birth fixed effects over and above the age, cohort, state of birth, state of residence and year effects.
Consider first the specifications in columns (1) and (2) which show estimates analogous to the crime reduced-forms of Table 3 which include the age, cohort, state of birth, state of residence and year variables as controls. In (1) and (2), the OLS coefficients on years of education in all specifications are negative and are strongly significant. This 10 The results are not directly comparable to Anderson (2014) both due to a different sample and because the control group in his analysis are the 13-15 year olds. In comparison our control group is those too old to be affected by incapacitation effects. If we restrict the comparison group to those closer in age to the treatment group (e.g. aged less than 25) we obtain similar, but less precise estimates.
reinforces the opening remarks of this paper -educational attainment and crime are indeed related. The estimates are of substantially larger magnitude (in absolute terms) for blacks than whites. For example, the OLS coefficient on years of schooling for incarceration is over four times as large for blacks as whites. Interestingly, it was over three times as large for the 1960-80 results reported in LM -though the magnitude of the coefficients is substantially higher in our sample as a result of higher incarceration rates.
Focusing next on the first-stage results, we see that overall there is no consistent pattern between the various measures of compulsory schooling and educational attainment.
Whilst the first-stage F-statistics are mostly above 10, the individual coefficient estimates are occasionally the wrong sign (i.e. tougher schooling laws reducing education), particularly for whites using the Goldin-Katz instrument. This suggests that in general there is no strong link in the more recent period between compulsory schooling laws and attainment. In addition to this overall mixed picture, the individual coefficient estimates There is however one dimension along which the picture of inconsistent and very small effects holds less. For blacks, the coefficients in the first-stage are consistently positive (using either the dropout or Goldin-Katz measure) and the F-statistic is always larger than the corresponding first-stage for whites, even though the sample is much smaller.
Even here however, the estimated size of the effect of the laws on attainment are far smaller than in the past. Again for the 1980-2010 Census results (column (2) of Table 5B ), the coefficient estimates imply at most a 0.143 increase in years of schooling from a one-year increase in the law. The corresponding ranges in LM are 0.454 to 0.528. So whilst we find evidence that the educational attainment of blacks is still being affected by compulsory schooling laws, the magnitude of the effect is smaller -implying that a smaller share of the population is being induced to comply.
What does this imply for the 2SLS estimates of the causal effect of education on crime? If the appropriately weighted estimated coefficients on the instrument set in the first-stage are positive overall, whilst the reduced-form for crime is negative (positive), one will obtain a negative (positive) 2SLS estimate. But none of these will have any real causal interpretation since they will have arisen, at least partly, as a result of a poor overall first- Tables 5A and 5B show for whites, where the 2SLS coefficient estimate on years of schooling generally does take a negative sign, but is statistically insignificant.
stage. This is indeed what
For blacks, we make more progress. Consider for example the Census results for blacks reported in column (5) of Table 3 (the crime-reduced form) and column (2) of Table   5B (the first-stage). The estimated coefficients are consistently negative and significant in the reduced-form and they are positive and generally significant in the first-stage, with an F-statistic of 19.7. The resulting 2SLS estimate of -3.498 is significantly negative at the 5% level and a little larger in absolute terms than the comparable OLS estimate of -2.666. Thus for the group with lower education levels, the sample of black individuals, we do uncover a causal impact of education on crime.
11
We have also investigated why the first stage relationship is relatively weak and occasionally produces coefficients of the wrong sign. It turns out that including region x 11 We have also produced estimates that measure education in terms of high school dropout rather than years of schooling. Overall, as in Lochner and Moretti's (2004) earlier period analysis, they show a similar pattern. For whites the implied coefficient estimates are very close to those that one would predict from the coefficients on years of schooling and the mean gap in years of schooling between those with and without a high school diploma. For blacks, the effect is somewhat larger for the dropout variable, suggesting that blacks criminal behaviour is more influenced by dropping out of high school than would be expected from the linear schooling model. These results are available on request from the authors.
year controls (columns (3) and (4)) and region x year plus region x year of birth controls (columns (5) and (6)) does improve matters somewhat. 12 The first stages in columns (3)- (6) show a more plausible pattern of estimated coefficients. However, they mostly do not affect the 2SLS estimates, with one exception where the estimate for blacks is driven to insignificance in column (6) of Table 5B for the Goldin-Katz instrument. Overall, however, much the same pattern remains, with it proving more difficult than in previous research to obtain across the board causal crime-reducing effects of education from variations in state compulsory school-leaving age laws.
Conclusions
In this paper we have offered a reassessment of the relationship between crime, compulsory school-leaving laws and education. Compared to existing research, innovations from our analysis include study of more recent time periods in which both crime (especially measured by imprisonment) and education evolutions are different from before, together with an analysis of panel data on age-specific arrests in local labour markets over time. We pay a lot of attention to the relationship between crime and changes in school-leaving laws and between education and changes in school-leaving laws. These two reduced-form relationships are the ones that, when put together if they work in appropriately hypothesised directions, enable identification of the causal impact of education on crime.
Our findings show there to be a systematic relationship between lower crime and increases in higher school dropout ages or mandated years of education. In other words, we report evidence of a significant reduced-form relationship between crime and compulsory schooling-leaving laws. This is the case in our analysis of commuting zone panel data and studying Census data between 1980 and 2010. When we dig a little deeper into these crime reduced-forms, however, a rather more nuanced picture emerges. Separate estimates by race, or for the commuting zones delineated by the proportions of black versus non-black residents, reveal that the crime reduced-form is much stronger for black individuals in the Census and for violent crime in those commuting zones with bigger proportions of resident blacks. When we study possible incapacitation effects resulting from higher mandated schooling or dropout ages, we do find evidence of such effects, but in addition from the reduced-forms there is evidence of lower crime rates for older groups that are associated with changes in the laws.
Having established these findings on the crime reduced-form, we then consider the schooling laws and education, and put the two together to consider the causal impact of education on crime. In the later period we study, where education levels are higher than in the past, the education reduced-form (the first stage in the causal analysis) turns out to be rather weaker than before. In fact, it proves rather difficult to identify a strong first-stage like those reported in earlier work. Overall there is no consistent pattern between the various measures of compulsory schooling and educational attainment. For white individuals, there is no evidence of a significant first-stage relationship for education.
However, for black individuals, there is. Thus for the groups with lower education levels, where the crime reduced-forms were also significant, we are able to put the two together and so uncover a causal impact of education on crime.
Overall then, and to conclude, the findings from this paper shed more light on the possible crime reducing effect of education. It is evident from our statistical analysis of this issue that one can find evidence that crime and education are causally related (in our analysis for blacks). It is also the case that incapacitation effects that occur due to changes in school leaving age play a role in this relationship. This work also bears upon broader areas of research that seek to identify causal education effects using variations in compulsory school laws. 13 Our results suggest that the effects of such laws on educational attainment have weakened through time. This makes study of other factors that may lie behind the causal impact of education on crime and generating a better understanding of the patterns of heterogeneity that we see in our study thus form an important research agenda for the future.
13 For example, see the fuller range of outcomes listed in the review of Oreopoulos and Salavanes (2011) . (1) (2) (3) (4) (5) 
Data Description
A. Commuting Zone Panel Data on Arrests by Age
Panel data for the US come from the FBI Uniform Crime Reports (UCR). The measure of crime is arrests since we need to study age variations to match to compulsory school leaving laws. The UCR reports the number of arrests by year, agency, age, gender and type of crime.
The original data identifies the number of arrests by law enforcement agencies.
Commuting zones are defined as in Autor and Dorn (2013) and consist of 741 (722 after excluding Alaska, District of Columbia and Hawaii) groups of counties that adequately describe local labour markets given their strong intra-group and weak inter-group ties. We construct a commuting zone-level panel on arrests by aggregating the number of arrests over law enforcement agencies within a commuting zone. This is feasible as the agencies are geographically identified by county and state, hence making it possible to aggregate the counties that constitute the commuting zones. Ignoring the problem of non-reporting agencies, one is able to consistently match 714 out of 722 commuting zones within the range of 95% to 105% population coverage balanced across 1980-2010. Commuting zones are not confined to a unique state, therefore when assigning a state identifier to a commuting zone we choose state that comprises the majority of population residing in a given commuting zone.
Within the UCR, data for certain law enforcement agencies is sometimes systematically missing either for the whole commuting zone area or for some important law enforcement agencies within that commuting zone. UCR details the total population covered by each law enforcement agency, hence making it possible to compare with the official population numbers from the Census. In order to minimize measurement errors the final balanced sample includes the 306 commuting zones which consistently report arrest data for all 4 years and have a covering ratio of covered population and Census population between 90 to 110% of the population. We also consider an unbalanced sample that includes 461 commuting zones reporting at least 3 continuous years of data with the same covering ratio tolerance.
We sample males aged 16 to 39 from 1980 to 2010. The UCR data are grouped by age category. From age 16 up to the age of 24, the number of arrests is measured by single age year. For ages 25 and above, the arrests are aggregated to the number of arrests in a five-year age bracket, i.e. 25 to 29, 30 to 34, and 35 to 39. In order to be able to track the number of arrests per year-of-birth cohort, we therefore disaggregate the arrest measure to the number of arrests by single age year by dividing the arrest count by five. The underlying assumption is that year-of-birth cohorts are homogenous in terms of the number of arrests within these respective older age brackets.
Following the literature, we categorize arrests into those for property and violent crime using the UCR offense code variable as follows: In order to produce arrest rates, we aggregate the number of arrests for the above categories and divide the resulting number of arrests by the annual commuting zone-age-year population. The population data for that purpose are retrieved from the US Census population estimates.
B. Individual-Level Micro Data on Incarceration
The micro data on US incarceration comes from the US Census. We sample all males aged 16-39 from the Integrated Public Use Microdata Series ( However only in the 1980 IPUMS is the GQ variable detailed enough to uniquely identify those in correctional facilities. In subsequent Censuses (and the ACS), the institutionalized population includes the following categories: correctional facilities, nursing homes and mental hospitals, and juvenile institutions. However, the share of the total institutionalized population accounted for by those in correctional facilities is very high in our sample.
Appendix Table A1 shows the institutionalized male population by GQ type and age. Note that this data comes from published aggregate Census reports that do break up the categories, though this is not available in the IPUMS data release. In 2000, for example, 95.3 percent of institutionalized males aged 18-39 where in correctional facilities. Two key points come from Table A1 . First, incarcerated males aged less than 18 are much less well identified (since juvenile facilities are an important component for this group). We therefore restrict our analysis of the Census data to those aged 18-39. Second, the 1980 Census has a less tight correspondence between institutionalization and incarceration. Fortunately, this is the one Census that has the full GQ coding in the micro files, so we use only the correctional facility definition in the 1980 Census.
C. Construction of Instrument
Data on compulsory schooling laws was retrieved from 2 main sources. Before 1978, we use the data compiled by Acemoglu and Angrist (2001) . After 1978, we look at the official annotated statutes of each state in the Westlaw International Database for each of the corresponding years.
The data retrieved includes maximum entry age, minimum leaving age and education grade which exempts a child from staying in school. The laws have historically increased in their complexity adding several exemptions including work permits and early age parental consent letters to exemplify the most common. The Labor Standards Act 1939 harmonized child labour laws across states in the US, recent changes were not of a comparable order of magnitude as the ones seen during that period. To be consistent we ignore the possibility of parental consent authorizations to leave school at an age below the minimum dropout age, as these are often seen as exceptions rather than the rule. 
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